Purpose The aim of the study was to investigate the effectiveness of the postoperative 12-month exercise program compared to usual care on disability and health-related quality of life (HRQoL) in patients after lumbar spine fusion surgery (LSF). Methods Altogether, 98 patients with isthmic (31) or degenerative (67) spondylolisthesis were randomised to exercise therapy group (EG) (n = 48) or usual care group (UCG) (n = 50) 3 months after LSF. EG patients had home-based progressive strength and aerobic training program for 12 months. UCG patients received only oral and written instructions of exercises. Oswestry Disability Index (ODI) and HRQoL (RAND-36) were evaluated at the time of randomization, at the end of the intervention and 1 year after intervention. Results The mean ODI score decreased from 24 (12) to 18 (14) in the EG and from 18 (12) to 13 (11) in the UCG during intervention (between-groups p = 0.69). At 1-year follow-up, 25 % of the EG and 28 % of the UCG had an ODI score C20. No between-group differences in HRQoL change were found at any time point. The mean (95 % CI) physical functioning dimension of the HRQoL improved by 10.0 (4.6-15.3) in the EG and by 7.8 (2.5-13.0) in the UCG. In addition, the role physical score improved by 20.0 (7.7-32.3) in the EG and by 16.4 (4.4-28.4) in the UCG during the intervention. Conclusions The exercise intervention did not have an impact on disability or HRQoL beyond the improvement achieved by usual care. However, disability remained at least moderate in considerable proportion of patients.
Introduction
Isthmic and degenerative spondylolistheses are common spinal disorders leading to chronic back and leg pain. Lumbar spine fusion has been shown to be effective treatment in both of these disorders when compared to conservative treatment [1, 2] . Although lumbar spine fusion surgery (LSF) reduce disability and improve health-related quality of life (HRQoL) in patients with several spinal disorders, they do not reach the level of normal population in disability of physical component score of HRQoL at the 1-year follow-up [3] . In these patients, the chronic low back pain may have affected the muscle functioning [4] and cardiorespiratory fitness [5] . In addition, fusion surgery itself leads to changes in spinal function [6] [7] [8] [9] .
Thus far, a limited number of randomised controlled trials (RCTs) have been published and the evidence of exercise therapy in restoring the spinal functioning and improving disability or HRQoL after fusion surgery is weak [10] [11] [12] [13] [14] [15] [16] . The commencement time and structure of the rehabilitation programs in previous RCT's varies [10] [11] [12] [13] [14] 17] . Most trials were implemented close to time of surgery, starting preoperatively [13, 14] , during hospital stay or soon after discharge [10, 12] . The two trials, which have been measuring disability and health-related quality of life, indicate that combination of exercises and cognitive-behavioural therapy is more effective than exercises alone, when implemented within first postoperative months [10, 12] . Because the existing evidence concerning exercise rehabilitation after LSF is limited and controversial, there is no consensus on the contents of effective rehabilitation program after LSF.
The purpose of the present randomised controlled trial was to study the effectiveness of the 12-month progressive exercise intervention compared to usual care on quality of life and disability during the intervention and at the 1-year follow-up in LSF patients with spondylolisthesis.
Materials and methods
This randomised controlled trial (RCT) was carried out in Tampere University Hospital and Central Finland Central Hospital, Finland. All patients aged over 18 years scheduled to have elective LSF surgery for isthmic or degenerative spondylolisthesis were eligible for the study. The exclusion criteria were severe cardiorespiratory or musculoskeletal disease, fracture, tumour, severe psychiatric disorder, extensive lower limb paresis, alcohol abuse, and immediate complications after surgery (infection) that may prevent participation in postoperative rehabilitation. The sample size calculation was performed for the main outcome measure, pain (visual analogue scale), and it is explained in the study protocol [18] . Participant recruitment started in September 2009 and ended in September 2010 when a sufficient sample size had been achieved. This study was approved by the Ethics Committee of Tampere University Hospital and by the Ethics Committee of Central Finland Central Hospital.
Altogether, 104 consecutive adults were randomised into either the exercise group (EG) receiving active postoperative rehabilitation or to the usual care group (UCG) 3 months after the operation. Six participants dropped out before the start of the intervention (Fig. 1) ; thus, the number of participants was 98. Allocation to the EG or to the UCG was done randomly using computer-generated four-block randomisation lists, compiled by biostatistician. There were separate randomisation lists for isthmic and degenerative spondylolisthesis patients to ensure that both diagnoses were evenly represented between both intervention groups. Randomisation was concealed and was carried out in both hospitals by a study nurse who was not otherwise involved with the study. The data were collected by research assistants who were blinded to the treatment. The physiotherapists could not be blinded because of the nature of the study. To avoid confusion between the EG and UCG treatments, both study arms had their own physiotherapists in each hospital.
Surgical indications and techniques, and pre-and postoperative rehabilitation protocols, were standardized between both hospitals before the study. Six experienced consultant surgeons were involved to the trial, and they performed part of the operations together, so the operation techniques were similar. All participants had posterolateral instrumented fusion which was performed using midline approach, and 21 % also had posterior or transforaminal interbody fusion. All participants received similar pre-and postoperative instructions for up to three postoperative months during which they were encouraged to walk and perform light muscle exercises and stretching [18] .
The 12-month progressive home-based exercise program of EG started three months postoperatively. The program consisted of back-specific and aerobic exercises, and fear avoidance-counselling given by physiotherapist. The exercises were taught to each participant individually according to the exercise protocol targeting for improving coordination, muscle strength and also for increasing physical activity (PA) by walking [18] . Participants performed all of the exercises independently at home and had booster sessions with the physiotherapist every second month (6 meetings in total). During booster sessions, possible barriers to physical activity were identified and discussed with the patient. Harmful, irrational beliefs and fears towards activity were corrected, and more support was given over the phone as needed. The patients' experiences from the previous phase of exercise program were reviewed, and the next phase of the back-specific program was determined, as well as new aerobic training (step amount) target levels. Patients were also given pictorial and written instructions for the exercises.
Patients in the UCG received one guidance session in physiotherapy 3 months after the surgery, consisting of instructions for home exercises. The instructed home exercise program included light muscle endurance exercises (abdominal muscles, back muscles, and hip muscles) and stretching and balance training (one leg standing), with no progression. The participants were instructed to perform the home exercises three times a week. Participants were also given pictorial and written instructions for the exercises.
Outcome measures
The socio-demographic and clinical data included age, weight, height, smoking status, length of education, employment status and duration of symptoms, and selfreported comorbidities were evaluated preoperatively. Exercise compliance in the EG was assessed by exercise diaries. Exercise data were not collected from the UCG during the intervention period to avoid confusion between the two treatments. The outcomes were assessed at the baseline (3 months after surgery), at the end of the intervention (15 months after surgery) and 1 year after intervention (27 months after surgery).
Disability was measured by the Oswestry Disability Index (ODI), Finnish version 2.0 [19, 20] . The ODI contains 10 questions, and the score ranges from 0 to 100, with higher scores indicating more severe disability [20] . Health-related quality of life was assessed using the RAND-36 questionnaire. Eight dimensions were formulated from the RAND-36 questionnaire. The scaling of each dimension is from 0 to 100. The higher the value is, the better the HRQoL [21, 22] . Age-and sex-adjusted RAND-36 reference values for the normal Finnish population were used as Ref. [21] . Average low back and leg pain intensity for the previous 7 days were assessed using a 100-mm visual analogue scale (VAS) [23] . 
Results
No between-group differences in socio-demographic or clinical data occurred at the baseline, except control group had more musculoskeletal comorbidities (Table 1) . Most (74 %) of the participants were women, and the mean age was 59 years (range 32-84 years). According to the exercise diaries of the EG, the median (IQR) frequency of back-specific exercises was 2.5 (1.9; 3.4) times per week during the first 2 months of the intervention, and 1.4 (0.6; 1.9) times per week during the last 2 months (p \ 0.001).
There were no between-group differences in changes in any RAND-36 dimensions during the intervention or at the 1-year follow-up (Table 2 ). However, both groups improved significantly in the physical functioning and role physical dimensions during the intervention. Compared to the Finnish reference values for the physical functioning, role physical, and bodily pain dimensions, the patients' scores were lower in both groups at baseline, and the EG also had lower values in the social functioning dimension. Both groups achieved the Finnish reference values in all dimensions by the 1-year follow-up (Fig. 2) .
The ODI score decreased from 24 (12) to 18 (14) in the EG (p = 0.003) and from 18 (12) to 13 (11) in the UCG (p = 0.012) during the intervention (between groups p = 0.69) ( Table 2) . At baseline, 54 % of the EG had an ODI score of 20 or higher. After the intervention 29 %, and at 1-year follow-up, 25 % of the EG had an ODI score C20. The respective proportions in the UCG were 36, 25, and 28 %.
Discussion
The aim of this study was to investigate the effectiveness of the home-based progressive 12-month exercise program compared to usual care after lumbar spine fusion surgery in patients with spondylolisthesis. This study showed that disability and physical performance-related dimensions of the HRQoL improved in both groups. However, we did not detect any difference between the groups during the intervention or at the 1-year follow-up visit. At the 1-year follow-up visit, one-fourth of all participants still had at least moderate disability.
The exercise program of EG comprised of progressive neutral spine control exercises and aerobic training, but it also included individual discussions and counselling aiming to prevent irrational fears of movement or reinjury. This program was expected to reduce disability and to improve HRQoL in long-term follow-up. In this study, the EG followed a progressive exercise program with individual adjustments to determine the optimal level of intensity or to enable persons with different functional abilities to perform the program at home [18] . According to the HRQoL findings of this study, the role physical and physical functioning dimensions improved significantly in both groups during the intervention, but the increase levelled out by the 1-year follow-up. The role physical dimension was very low at baseline in both groups, and it also had the highest increase during the intervention and throughout follow-up. In other words, usual care also efficiently enhanced these outcomes. The vitality, social functioning, role emotional, and mental health dimensions did not change during the intervention or at the postintervention follow-up. The most importantly participants in both groups reached the age-and sex-matched levels of the reference normal Finnish population 2 years postoperatively in the physical functioning, role physical, bodily pain, and social functioning dimensions of the HRQoL.
In this study, all dimensions of the HRQoL, except the role physical dimension, were higher at baseline compared to the baseline in the study by Monticone et al. in 2014 [12] . In that study, there were significant differences between the two treatment groups in the changes in all HRQoL dimensions of the SF-36, meaning that the 4-week cognitive-behavioural therapy (CBT) with exercise training was more effective than the 4-week exercise training alone, when implemented within the first five postoperative weeks [12] . The later timing of the intervention in the present study may explain the smaller changes, as the surgery and early postoperative care already improved outcomes before the 12-month intervention started. Despite the shift in clinical practice towards earlier rehabilitation using fasttrack strategies, Oestergaard et al. 2013 found that later timing (start 12 weeks postoperatively) of exercise rehabilitation has shown better results and cost-effectiveness than fast-track rehabilitation (start 6 weeks postoperatively) [24] .
In this study, the disability of UCG was lower than EG at the baseline, but the changes in disability were analogous between the groups during the intervention. Furthermore, at the 1-year follow-up, the achieved ODI levels were maintained, meaning that one-fourth of participants reported at least moderate disability. The future challenge will be to identify these patients in an earlier postoperative phase to offer them more individual rehabilitation interventions, while most of the LSF patients could possibly recover with subtler interventions. In previously published RCTs, the mean ODI scores showed severe disability (over 40) at baseline [10, 12] , while in this study, the mean disability levels were moderate in the EG and minimal in the UCG at baseline. In the study by Abbott et al. [10] , the baseline measurement was actually performed preoperatively when the patient's clinical status was worse than three months postoperatively, which was the time point used as a baseline of present study. In the study by Abbott et al., the ODI score had the most significant decrease during the first three postoperative months in both groups (psychomotor therapy and exercise therapy), but the difference between the groups remained unchanged after 2 to 3 years of follow-up, in favour of psychomotor therapy (mean difference of 9.8 points, p = 0.011) [10] . A similar trend is also seen in the study by Monticone et al. [12] , suggesting that CBT together with exercise is a more effective treatment than exercise alone when investigating disability. In addition, qualitative study about patient's postoperative experiences after interdisciplinary CBT as part of surgery rehabilitation suggests that CBT as part of therapy may alter patient's pain perceptions and improve pain coping behaviour [25] . Only in the study of Christensen et al., the commencement time of intervention was the same 3 months as in our Fig. 2 The RAND-36 dimensions (mean with 95 % CI) by group at each measurement point. The dashed lines show the Finnish population reference values. EG exercise group, UCG usual care group, After int. after intervention, 12-mo f-u 12-month follow-up study [11, 16] . However, the length of intervention in that study was only eight weeks, and exercise protocol of training group was more intensive than the protocol used in this study. The intensity and length of the intervention are probably the explanation why the significant pain problem found in study of Christensen was not found in present study. Therefore, the long-term postoperative rehabilitation is not problematic according our study because of inferior results; instead, it is controversial because of cost-effectiveness, since the results were not superior when compared to the usual care group.
In this study, we used patient-reported outcome measures (PROMs), which show the effect of the treatment for the patients. The novelty of this study is the long-term combined back-specific and health-enhancing home-exercise program, which is resource-friendly option. These can be considered as the strengths of this study, as well as the authentic clinical setting, which could be easily implemented in clinical practice. This study has some limitations as well. In both groups, the results of surgery were good and the patients had already started light exercises in the early recovery phase, before the actual exercise intervention started; thus, the outcomes had already improved by the starting time of the intervention. To avoid confusion between the treatments of the two groups, we did not monitor the activities of the UCG with exercise diaries during the intervention.
Conclusion
In conclusion, the disability and physical dimensions of the HRQoL improved in both groups during the intervention. The progressive 12-month home-exercise intervention, which commenced 3 months postoperatively, was not superior to usual care. However, one-fourth of participants had at least moderate disability at the 12-month follow-up, and therefore, postoperative rehabilitation may need to be composed of more individually supported and tailored interventions.
